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Globally, herbal pharmaceutical industries are among 
the leading pharmaceutical industries. They generate 
large volume of wastewater during processing and 
production, which is highly biodegradable in nature 
and cannot be discharged into environment as such. 
Hence efforts are being made to evaluate the toxicity 
of herbal pharmaceutical effluents using green algae 
Scenedesmus quadricauda. Physico-chemically treated 
effluents (PCTEs) as well as biologically treated efflu-
ents (BTEs) were observed after the application of  
S. quadricauda. Also, S. quadricauda showed higher 
growth rate after the addition of PCTE and BTE. The 
highest yield of algae was observed in BTE up to 15 
days of incubation by synthesis of chlorophyll and cell 
metabolites, even with 10–100% dilution of effluents. 
The present study also discusses the evaluation of bio-
toxicity and recycling on herbal pharmaceutical 
wastewater along with heavy metal removal. 
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HERBAL pharmaceutical industries are among the leading 
pharmaceutical industries worldwide. Herbal medicines 
include herbs, herbal materials, herbal preparations and 
finished herbal products that contain active ingredients 
from plants or other plant materials1. The countrywide 
scenario of herbal pharmaceutical industries reveals that, 
the industrial process involves the cleaning of herbs (like 
flowers, stem, bark, nuts, fruits, resins, seeds, roots, 
leaves, etc.) to remove dust and soil adhered to the mate-
rial. The manufacturing of herbal medicines involves 
several processes like drying, passage through cutters and 
or ball mills as required, and further processes such ex-
traction, fermentation, distillation, decoction preparation, 
percolation, etc. Though the product is based on herbs, 
synthetic chemicals are also used in the manufacturing 
process. Chemicals that are used include alcohol, sugar, 
gelatin, lactose, mineral salts, clays and different organic 
solvents. Figure 1 shows the wastewater sources during 
the manufacturing process2. Herbal pharmaceutical indus-
tries generate a large volume of wastewater, which is 
highly biodegradable in nature. However, it cannot be 
discharged directly into the surface water, as it putrefies 
very fast. Herbal pharmaceutical waste is a complex con-
stituent of alkaloids, plant extracts, heavy metal ions and 
toxic solutes, which contribute to environmental pollu-
tion. Untreated pharmaceutical wastewater discharge into 
the natural environment causes health hazards to existing 
flora and fauna and therefore, treatment of the effluents is 
necessary to bring down the concentration of toxic sub-
stances to desired limits, before they are finally dis-
charged into the natural systems3. Physico-chemical 
characteristics like pH, chemical oxygen demand (COD), 
biochemical oxygen demand (BOD), total solids, sodium, 
potassium and heavy metals were analysed for the 
evaluation of toxicity of herbal pharmaceutical waste-
water after its treatment with micro green algae Scenedes-
mus quadricauda. Treatment of wastewater using algae 
has been studied for over 50 years4,5. Microalgae have a 
potential to reduce the metal contamination in aquatic 
systems6–11. At first, the metal ions are physically ad-
sorbed over the algal cell surfaces rapidly. Then, these 
metal ions move slowly into the cytoplasm of the algae, 
which is known as aschemi-sorption12. The biomass of 
microalgae rises during wastewater treatment, and has the 
potential to remove nitrogen and phosphorus from 
wastewater generated by different sources. However,  
nutrients are removed from wastewater through a direct 
uptake by the algal cells9. Algal treatment of wastewater, 
mediated through a combination of nutrient uptake, ele-
vated pH and high dissolved oxygen concentration, can 
offer an ecologically secure, cheap and efficient means to 
remove nutrients and metals than conventional tertiary 
treatment procedures7,13–18. Several researchers have es-
tablished that metals such as Ti, Pb, Mg, Zn, Cd, Sr, Co, 
Hg, Ni and Cu are sequestered in polyphosphate bodies in 
green algae. The polyphase bodies serve as a storage pool 
for metals and also act as ‘detoxification agents’. Studies 
have revealed that the alga Scenedesmus obliquus can  
accumulate Cd and Zn by increasing the amount of phos-
phorus in the media19.  
 The aim of the present study is to evaluate the treat-
ment and recycling of herbal pharmaceutical wastewater 
using freshwater green algae S. quadricauda. Tests for 
growth, survival rate and synthesis of metabolites in 
physico-chemically treated effluent (PCTE) and biologi-
cally treated effluent (BTE) of herbal pharmaceutical  
industry using S. quadricauda were conducted. 
 Samples of untreated (raw) effluent (UTE), PCTE and 
BTE are collected from a herbal pharmaceutical industry 
in Nagpur. The samples were subjected to physicochemi-
cal analysis following the standard methods20,21. pH, col-
our, total acidity/alkalinity, total SS, total solids, COD, 
BOD (5 day at 20C), sulphide as S–2, sulphates as SO–42, 
total phosphates as PO–42, total nitrogen as N, oil and 
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Figure 1. Flow sheet of general manufacturing process of herbal medicines and wastewater sources. 
 
grease, sodium, potassium, and heavy metals were ana-
lysed using standard methods. 
 Unfiltered lake algal samples were also collected in 
sterilized sampling bottles. Algal samples were taken 
from 10 to 20 cm below the surface from a local tank in 
Nagpur21. They were immediately preserved in the cooler 
at 4C. 
 S. quadricauda is a common freshwater species of the 
chlorophycean group, widely distributed in subtropical 
parts of India. It is a good pollution indicator species  
occurring in canals, rivers, lakes, reservoirs and other  
watersheds. The species is sensitive to polluted waste-
water, and hence is selected for experimentation. The  
experimental alga (S. quadricauda) was identified using 
an Olympus microscope BX51 (Olympus, Japan), at a 
magnification of 100 and 400. The identification was 
confirmed by referring to the keys reported earlier21–23. S. 
quadricauda was identified and separated. 
 Isolated species of microalgae were enriched by inocu-
lating 10 ml of algal sample in 50 ml sterilized standard 
BG-11 medium24 and microalgae culture maintained  
axenically for four generations. The sub-culture was identi-
fied under microscope and culture was used for core analy-
sis. The culture conditions and growth of organism were 
followed according to the method of Rana and Kumar25. 
 Chlorophyll was estimated by dissolving the algal  
pellets in 80% acetone and was measured using a spec-
trophotometer26. Protein estimation was carried out using 
the method of Lowry et al.27 and carbohydrate by  
anthrone reagent method8. 
 Detoxification test was performed for wastewater  
concentrations (20%, 40%, 60%, 80% and 100%) of un-
treated, physically treated and biologically treated 
wastewater. Cultured S. quadricauda algae were added 
into different concentrations and incubated for 21 days. 
After completion of the incubation period, optical density 
(OD) was measured at 660 nm using a spectrophotometer 
to find biomass. 
 The physico-chemical characteristics of UTE, PCTE 
and BTE before application of S. quadricauda are shown 
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Table 1. Physico-chemical characteristics of herbal pharmaceutical wastewater before application of Scenedesmus quadricauda 
 Untreated  Physico-chemically Biologically treated 
Parameters*  effluent treated effluent effluent 
 
pH 3.9 to 4.0 6.4 6.9 
Colour Dark yellow Light hay Colourless 
Total acidity/alkalinity 3000 326 161 
Total SS 4915 637 20 
Total solids 8512 1140 30 
Chemical oxygen demand (COD) 23980 6266 190 
Biochemical oxygen demand (BOD) (5 day at 20C) 13430 2867 28 
Sulphide as S–2 48 22 05 
Sulphates as SO–42 85 40 12 
Total phosphates as PO–42 270 110 65 
Total nitrogen as N 444 136 - 
Oil and grease 161 34 06 
Sodium 210 118 08 
Potassium 134 59 04 
 
Heavy metals  
 Iron 65.6500 16.2000 01.200 
 Copper 01.1595 00.5400 00.2400 
 Manganese 07.4400 01.4600 00.4612 
 Nickel 01.6210 00.6370 00.4420 
 Zinc 00.5955 00.2600 00.1200 
 Chromium 00.5835 00.1280 00.0186 
 Lead 03.5445 01.6730 00.0558 
 Cadmium 00.2600 00.1190 Nil 
 Selenium 00.5470 00.1390 Nil 
 Arsenic 00.0062 00.0018 Nil 
*All values are expressed in mg l–1, except pH and colour. 
 
 
Table 2. Effect of pharmaceutical effluent on pigments and  
  metabolites of S. quadricauda 
Effluent  
concentration (%) Chlorophyll Protein Carbohydrate 
 
Control (no effluent) 0.010 20 30 
PCTE 
 10 0.112 185 235 
 20 0.080 130 180 
 40 – – – 
 60 – – – 
 80 – – – 
 100 – – – 
 
BTE 
 10 0.245 178 224 
 20 0.330 210 335 
 40 0.412 260 390 
 60 0.470 310 432 
 80 0.518 360 457 
 100 0.580 410 518 
Protein and carbohydrate measured in (g/100 mg fresh weight); chlo-
rophyll measured in mg/g. 
 
 
in Table 1. pH values were recorded as 3.9 to 4.0, 6.4 and 
6.9 in UTE, PCTE and BTE respectively. The effect of 
different concentrations of herbal pharmaceutical waste-
water on the synthesis of pigment and metabolites in 
terms of chlorophyll, proteins and carbohydrates is shown 
in Table 2. Values of these pigments and metabolites 
were reduced in PCTE. However, chlorophyll, proteins 
and carbohydrates were increased in BTE up to 15 days. 
 The results indicate that S. quadricauda is able to tol-
erate and sustain PCTE at 10% and 20% concentrations 
by synthesis of chlorophyll and cell metabolites. The  
degree of inhibition/death of algae starts at 40% concen-
tration onwards. Likewise, for BTE, the synthesis of 
chlorophyll and cell metabolite production were  
uniformly high. In order to promote growth in higher 
concentration of PCTE (40%, 60%, 80% and 100%) and 
untreated wastewater, a detoxification test was performed 
and results are shown in Table 3. The growth characteris-
tics of algae after 3, 6, 9, 12, 15, 18 and 21 days of incu-
bation in PCTE and BTE are shown in Figure 2 a and b 
respectively. 
 The growth rate of S. quadricauda in control sample of 
PCTE and BTE was found to be low throughout 21 days 
of incubation. Similar findings were reported by Cheva-
lier and de la Noue28. In their study, growth rates of algae 
were found to be lower in corresponding free-cell cul-
tures. The growth rate of S. quadricauda in PCTE gradu-
ally increased throughout 21 days of incubation in 10%, 
20% and 30% dilution. No growth of S. quadricauda was 
found in 40–100% dilution of PCTE (Figure 3). In 40% 
concentrated PCTE effluent, marginal but linear increase 
in growth of S. quadricauda was noticed. Whereas, in 
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Table 3. Growth rate of S. quadricauda in PCTE and BTE 
 Days of incubation 
 
PCTE (%) 3 6 9 12 15 18 21 
10 0.6 0.7 1 1.17 1.18 1.2 1.2 
20 0.4 0.5 0.7 0.8 0.9 0.97 0.86 
40–100 0 0 0 0 0 0 0 
Control 0.26 0.28 0.3 0.29 0.28 0.27 0.26 
 
BTE (%) 3 6 9 12 15 18 21 
10 0.6 0.7 0.85 1.0 1.1 0.9 0.8 
20 0.7 1.0 1.1 1.2 1.25 1.15 1.0 
40 1.0 1.3 1.5 1.58 1.6 1.55 1.45 
60 1.18 1.45 1.62 1.65 1.8 1.63 1.6 
80 1.55 1.65 1.8 2.0 2.1 1.9 1.7 
100 1.95 2.15 2.35 2.45 2.45 2.35 2.4 
Control 0.1 0.15 0.2 0.25 0.1 0.1 0.1 
*Growth was measured at 660 nm; initial OD of culture was between 0.1 and 0.2.  
 
 
Table 4. Physico-chemical characteristics of herbal pharmaceutical  
  wastewater after application of S. quadricauda 
Parameters* PCTE BTE 
 
pH 6.7 7.0 
Total acidity/alkalinity 200 152 
Total SS 234 9 
Total solids 867 17 
COD 2078 98 
BOD (5 day at 20C) 1345 13 
Sulphide as S–2 18 01 
Sulphates as SO–42 21 6 
Total phosphates as PO–42 93 50 
Total nitrogen as N 136 – 
Oil and grease 11 01 
Sodium 123 05 
Potassium 44 01 
 
Heavy metals  
 Iron 10.1300 00.9200 
 Copper 00.3640 00.1278 
 Manganese 00.9785 00.1942 
 Nickel 00.3561 00.2546 
 Zinc 00.1821 00.0548 
 Chromium 00.09445 00.0067 
 Lead 00.5312 00.0139 
 Cadmium 00.0190 Nil 
 Selenium 00.0098 Nil 
 Arsenic 00.0004 Nil 
*All values are expressed in mg l–1, except pH. 
 
 
earlier studies PCTE reduced the toxicity of herbal phar-
maceutical wastewater by 25% using zooplankton Cerio-
daphnia dubia29. The maximum growth rate of  
S. quadricauda in BTE increased up to 15 days of incuba-
tion. On 18th and 21st day of incubation, the growth rate 
of algae decreased slowly. The physico-chemical charac-
teristics of PCTE and BTE-treated wastewater after  
application of S. quadricauda are shown in Table 4. pH 
values of 6.7 and 7.0 were recorded for PCTE and BTE 
respectively. The physical–chemical characteristics were 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Growth rate of Scenedesmus quadricauda at different con-
centrations of (a) physico-chemically treated wastewater and (b) bio-
logically treated wastewater. 
 
 
reduced after the application of S. quadricauda in PCTE 
and BTE. Toxicity of PCTE and BTE was minimized on 
using S. quadricauda. Some workers have found similar 
results of reducing values of nitrogen and phosphorus in 
wastewater using Scenedesmus algae28. In the present 
study, the survival rate of S. quadricauda increased due 
to utilization of nutrients from the PCTE and BTE. In a 
similar study, Awasthi and Rai30 also reported that S. 
quadricauda was used to remove toxicity of nickel, zinc 
and cadmium on major nutrient nitrate (NO–3) uptake. 
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Figure 3. Percentage survival rate of S. quadricauda to different con-
centrations of herbal pharmaceutical wastewater. PTW, Physico-
chemically treated wastewater; BTW, Biologically treated wastewater. 
 
 
Further, the authors studied comparative metal–nutrient 
interaction in free and immobilized states of Scenedesmus 
quadricauda cells. 
 The present study leads to the conclusion that algae can 
remove toxic substances by absorption, accumulation,  
extracellular secretion and enzymatic degradation, and 
can slowly utilize the herbal pharmaceutical wastewater 
as nutrient source and make it available for reuse. If a 
suitable algae like S. quadricauda is applied to natural 
discharge of pharmaceutical wastewater, it will help in 
reducing the toxicity and facilitate recycling and reutili-
zation of polluted water. Thus it will help in conserving 
our precious water. Differential tolerance of this micro-
alga to the effluents shows that there is great scope for 
this algal treatment of industrial wastewater. 
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